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In the past few years a considerable araoxint of interest has been directed
towards the new-born. It has long been known that most new-born mammals show
basic physiological differences when compared with adults of the same species.
One of these differences is body temperatiu^e, Adolph ('5la) found, while
studying the effects of hyperthermia on tenq^eratiire tolerance, that some new-
boin mammals do not have the ability to regulate their body teiqjeratures.
Other studies have confirmed the work of Adolph, and other investigations
have been focused on the etiological aspects of this problem.
Since many investigations have already isolated the basic causative fac¬
tors regarding the heterothermism that exists among some new-born mammals,
it was the purpose of this investigation to show, by experimenting with the




Adolph C^la) demonstrated that some new-born mammals survive body tem¬
peratures that cannot be tolerated by adults of the same species. Adolph
investigated the progressive limitation of tolerance to low body teKperatures
during development. In these experiments he used new-born golden hamsters,
cats, and rats. Adults of the same species were used as controls. The tem¬
peratures were measured by using copper-constantin thermocouples which were
inserted in the colon up to half the distance between the anus and heart.
The thermocouples were connected to a strip chart potentiometer that recorded
the tenperatures automatically. The animals were immersed in water up to
the neck which was regulated to the expected lethal cold temperature. In
other cases the animals were cooled more slowly by cooling the water progres¬
sively, Each animal was rewarmed in 3i4.°C, water to observe whether or not
it had stirvived, since all signs of life, including heart beats, had tenpo-
rarily stopped in new-borns of all species used.
New-born hamsters tolerated colonic temperatures less than one degree
centigrade, while the adults tolerated a temperature of 3»8°C. The adults
did not retain the pre-existing low temperature tolerance. New-born rats
were observed to tolerate colonic temperatures down to one degree centigrade.
The adults were found to recover from colonic temperatures of li4.°-l6°C. Tem¬
peratures below this range proved fatal. New-born cats were observed to
tolerate temperatures between 7° and 8°C, The tolerance to hypothennia has
not been systematically determined in adult cats, but according to Adolph it
is thought to be above 16 C,
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The hamster tolerated lower body temperatiires than any of the animals
studied. All new-borns showed a transition of tolerance with progression of
age. The hamster maintained a tolerance of one degree centigrade up to l5-
l6 days of age at which time the tolerance was lowered to three degrees centi¬
grade and maintained throughout life.
After three weeks the rat underwent the transition from infant to adult,
with regard to temperature tolerance. The transition from a heterothermic
to a homoiothermic condition was rather sudden in the hamster, and rat, but
in slowly maturing species like the cat, the transition was spread over many
weeks. Adolph concluded that the hamster, rat, and cat are heterothermic
animals at birth, and during post-natal development the animals become thermo-
regulated.
Adolph ('5lb) studied the differences in the response to tQrpothermia be¬
tween poikilotherms (cold blooded) and homoiothermic (warm blooded) vertebrates.
In order to measure these differences quantitatively, Adolph compared heart
beat frequencies, breath frequencies, and oxygen consuii5)tions in the hamster,
rat, and cat. These qualities were also compared in the frog, turtle, and
fish. Heart beat frequencies were measured by the use of the electrocardio¬
graph. Breath frequencies were measured by observation, and a stop-watch.
Oxygen consumptions were measured by the amount of heat given off. Homoio¬
thermic animals were found to have an accelerated heart beat when first ex¬
posed to chilling, however, there was a linear decrease with body temperature.
This decrease continued until there were no heart beats. Most of the animals
revived on rewarming, and the heart beats resumed at approximately the same
temperature at which they stopped. Each homoiothermic animal had a different
0
time at which the heart stopped. The heart of the rat stopped at 15 C.j
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most hamsters had heart beats as low as while that of the cat stopped
at a ten5)erature lower than 18°C, Adolph concluded that the diversities
between the homoiotherms were due to the differences in body sizes. The
poikilotherms showed much smaller increments of heart beat frequencies with
change of temperature than did the homoiothermic animals. The frog, turtle,
and fish showed only a slight decrease in heart beat frequency as the tem¬
perature was decreased.
It was found that the change in breath frequencies was not as sharp as
that of the heart beat frequencies, although the homoiothermic group showed
a greater decrease in breath frequency when the temperature was lowered.
Both groups ceased breathing at extremely low body temperatures. According
to Adolph ('5lb) breath frequencies may not serve to differentiate horaoio-
therms from poikilotherms.
On conqjaring the oxygen consumptions between homoiothermic and poikilo-
thermic animals, it was fotind that at any given temperature the rates of
oxygen consumption were much smaller in the poikilotherraic than in the homoio¬
thermic animals of the same body size. It was concluded from these results
that homoiothermic animals possessed an inherent specific tissue system
which caused the sharp contrast between homoiothermic and poikilothentiic
animals.
Sealander ('53)j Adolph ('^Ib)} Turner ('U6)j and Bernstein ('Ul) agree
that there is no single structure that regulates body teng^erature, but several
structures are involved. Many of the factors involved are still obscure.
Along with the central nervous system, and various types of exoskeletons, two
glands are thought to participate in thermoregulation. Turner (’1+6) subjected
thyroidectomized mice to an environmental temperature of 5°C. for one hour.
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During the one hour, the temperature of the experimental mice fell more
rapidly than that of normal mice. She found that by in^jecting the tt^yroid-
ectomized mice with thyroxin the hypothermia was decreased.
Bernstein ('i;!) studied the effects of thermal environments on the mor¬
phology of the thyroid and adrenal cortex. He found that exposure to cold
caused increased activity on the part of the thyroid which was indicated mor¬
phologically by a heightened epithelium, the resorption of intra-alveolar
colloid and an increased vascularity. On the other hand, exposure to very
high temperatures inhibited tl^oid activity. The adrenal cortex, in con¬
trast to the thyroid, is an extremely sensitive gland the morphology of
which may be altered considerably by a wide variety of stimuli. This fact
makes it almost in5)Ossible to cite a normal adrenal index. When the rats
were subjected to cold environments the cortical lipoid was found to drop to
al low level, and rise when the temperature was increased. Under hypothermic
conditions the adrenals were found to be highly vascular. Unlike the thyroid,
the adrenal cortex showed variations of its lipoid content in a more striking
way when exposed to adverse teir^jeratures, Berastein concluded that the mor¬
phological changes observed in the thyroid and adrenal cortex, may in some
manner be related to the maintenance of a constant body temperature, and
operate in conjunction with the neural thermoregulatory mechanism.
CHAPTSH III
MATEiilALS AND METHODS
The methods used in this investigation were similar to those of Birnie
and Grayson ('52), The animals used were Long-Evans rats which were reared
in the biology laboratory of Atlanta University, The ages of the rats used
were from one-26 days of age. Six litters of rats were used during this in¬
vestigation, body temperatures were taken daily in the laboratory.
Copper-constantin thermocouples which were used in the measurement of
body temperatures were made from 35 S,W,G, copper and constantin wires solder¬
ed at the tip. A junction box was used so that readings could be taken frcra
several points. Recordings were made by means of a Cambridge D'Arsonval
galvanometer (internal resistance 50 ohms). When the scale was set at 5
meters, sensitivity was adjusted by means of external resistance to give a
5 cm, scale deflection per one degree centigrade. The thermocouples were
made with a very sharp pointed end in order to pierce the skin with the least
amount of difficulty and pain to the animals.
The thermocouples were calibrated daily. This was done by placing water
in two containers, each water bath having a known different temperature. The
thermocouples were immersed in water baths, and the readings of each bath
were compared with the thermometer. Other times the thermocouples were cali¬
brated by taking room temperatures thermoelectrically, and comparing the
readings with the thermometer.
The animals were handled with rubber gloves in order to minimize the ef¬
fect of the scent of the handler on the animals. The animals were taken from
their mothers and carried to the laboratory, where they were allowed to re¬
main for 15 mins, before taking the temperatures. The temperature of the
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laboratory was used as an index for con5)arison with body temperatures of the
experimental animals. The thermocouples were inserted subcutaneously under
normal conditions. The mid-lateral portion of the body was chosen as the
site of insertion. The animals were very vigorous when the thermocouples
were inserted, but after insertion was completed most of the animals remain¬
ed still. When the animals continued the vigorous movements no recordings
were made.
Two groups of e^eriments were carried out during this investigation.
The first group of experiments were primarily to meastire daily body tempera¬
tures. The second group of experiments were to take body temperatures of the
new-boms which were taken directly from underneath the mother. The animals
were taken directly from the mother and the temperatures were recorded at
three min. intervals without removing the thermocouples. This was continued
until the temperatures were the same as or approximately the same as the
animals that were not underneath the mother. The time it took these animals'
tenperatures to reach normal was used as a standard time index. This time




The results of this investigation are shown in the graphs, figures one
through six. It was found that animals from each group showed varied body
temperatures with marked changes in environmental temperatures. Although
neither group was found to be hyperthermic even at very hi^ environmental
temperatures, all groups up to 26 days showed hypothermia. One day old rats
do not have hairs on their bodies and feel like true poikilotherms, in that
their bodies are cool when touched. This group showed body temperatures
that varied between 22,1^ - 33.6°C.
Five day olds, like one day olds were observed to have wide ranges of
body temperature. On one occasion a member of this group was found to have
a body temperature lower than that recorded for the one day olds. The high¬
est body temperature that was recorded for this group was 35°C. which was a
little over one degree increase over the highest temperature recorded for
the one day olds. The 5 day olds had developed hairs over the surface of the
body, and did not give the feeling of a poikilotherm when touched. This
group showed body temperatures that ranged from 19.5° - 35.0°C.
The 10 day olds were found to show less variation in body temperature
than either the one day or 5 day olds. Although one member of this group
gave a reading that varied considerably from the rest of the group. The tem¬
peratures of most of the 10 day olds varied only by 4°C. with the extremes
ranging between 26,6° - 35.6°C.
At 21 days of age the animals showed even less variations in their body
temperatures. The lowest body temperature recorded from this group was
34«3°C. Two rats of this group were observed to have the same body
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temperatures, which were recorded at 34*3°C. The highest temperature of
this group was 35.8°C. The ranges varied by one and one half degrees centi-
o
grade, although the room temperature for this group varied 6 C,
When the animals reached 26 days of age they were completely independent
of their mothers, and showed marked activity. It was found that the body tem¬
peratures of this group had a variation of less than one degree centigrade,
whereas the rocm temperature varied as much as 8,5°C. The lowest temperature
recording for this group was 35.6°C.
The animals that were taken directly from underneath the mother showed
temperature readings that fell progressively for 15 mins. The mean body tem¬
peratures of all the animals taken from underneath the mother decreased from
32.2° - 30.2°C, in 12 mins. After 12 mins, the mean temperature established
consistency at 30,2°C. This decrease is clearly demonstrated in figure 6.
CHAPTER V
DISCUSSION
From the results given in the previous chapter it is evident that in the
rat there is a definite transition of body temperature with progression of
age. This fact was observed to occur in $ groups of animals ranging from the
ages of one-26 days. As is indicated in figure one, the one day olds showed
greater variations in body temperature than all groups studied, however the
lowest recording was taken from one of the 5 day olds. This fact presented
a mysteiy in that the room temperature that was recorded while the body tem¬
perature was taken, was much lower than that of the 5 day old. On the other
hand the one day old showed the highest body temperature. Other times in
each group there was an animal that showed a decrease in body temperature
when there was a rise in room temperature. These mysteries have not been
systematically worked out. Most animals showed a continuous rise and fall
with variations in room temperature. The rise and fall of body temperature
was very prominent in the first three groups, but with the older groups (21-
26 days) the room temperature had veiy little influence on the animals* tem¬
perature.
There are many ways in which to take body ten5)eratiires, for example, one
can take oral temperatures, rectal temperatures, subcutaneous temperatures,
and many other types. Each type will show a different body temperature, in
that the various sites differ in their thermal activities. The highest tem¬
peratures are ascertained when taken from the internal organs especially the
liver. The lower temperatures are observed when taken subcutaneously. Sub¬
cutaneous teit5)eratures were employed during this investigation and were found
to be between three or U°C. lower than the colonic temperatures. This fact
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is responsible for the seemingly low body temperatures that were recorded
during this investigation.
The 10 day old rats were the first to show tendencies towards thermore¬
gulation, By comparing figures one and two with figure three, one can see
that the temperatures of the 10 day olds are grouped more closely together
than those of the one and 5 day olds. The grouping as shown (fig, 3) is be¬
lieved to be indicative of a tendency of the animals to regulate their body
temperatiires. It was also observed that the 10 day olds had developed a
complete exoskeleton of hair, which may have served as one of the mechanisms
towards thermoregulation. This view is in agreement with that of Sealander
('53)j Adolph ('^la)! Turner (’U6), and Bernstein ('lil)»
According to Adolph ('5la) the rat underwent the transition from infant
to adult in three weeks, insofar as body temperature was concerned. In that
the findings during this investigation were not similar to those of Adolph,
is reason to disagree with the time at which he stated that the rat became
an adult. At 21 days most rats of this species are nourished by their
mothers, and show very little activity. Although the 21 day old rats showed
marked advances towards thermoregulation, the ten5)eratures were not conplete-
ly regulated. This is obvious in that there were still considerable changes
in body temperatures associated with room temperatures. In contrast to the
21 day old animals, the 26 day olds were observed to be very active, and
completely independent of their mothers. This group showed practically no
variations of body teraperatiire with changes in room temperature. This fact
makes it possible to state that all structures which participate in the regu¬
lation of a constant body temperature were functioning at this age. Whether
or not the rat can be considered an adult at this age cannot be stated, but
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insofar as thermoregulation is concerned it is definitely an adult.
The readings that were obtained from the animals that were taken direct¬
ly from underneath the mother provided a standard time index which was used
before taking the animals’ tengjeratures. This method eliminated the possibi¬
lity of taking an animal’s temperature which could have just left close con¬
tact with its mother, since it is known that by conduction the new-born's
teit5)erature is greatly influenced by that of the mother.
That the neural and hormonal systems play a large role in thermoregulation
has been known for some time, however, from the results obtained during this
investigation, it is thought that there are many structures which function
in conjunction with the neural and hormonal systems. These ideas are in
agreement with those of Adolph (’^Ib), who suggested that the pattern of
homeothenrQr extends to all parts of the physiological organization, and is
not limited to the hormonal and central nervous systems.
CHAPTER VI
smmsj AND CONCLUSION
1, From this study it is concluded that new-born rats do not have the ability
to regulate their body temperatures, and that they respond to changes in
environmental ten5)erat\ires like poikilothermic animals,
2, Five day old rats showed little advances toward thermoregulation over the
new-boms, in that their body temperatures were slightly higher than the
new-boms.
3, When the animals reached 10 days old, they showed dense hairs on their
bodies, and began to regulate their temperatures. The hair on the rat’s
body may aid in its thermoregulation, which was observed with its appear¬
ance.
U. Twenty-one day old rats showed marked advances toward a regulated body
temperature, but showed some changes in body temperature with mild changes
in room temperature.
At 26 days the rat had developed the ability to regulate its body tem¬
perature, which did not vary with variations in room temperatures.
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This is a graph showing the time it took the mean body temperatures of
rats taken directly from underneath the mother to ccane to normal.
BODYTEMP.
